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SUMMARY MINUTES-PEER REVIEW PANEL MEETING-6/27/89 

A l l y 1  G lyc idy l  Ether. D r .  G.A. Boorman, NIEHS, NTP Study S c i e n t i s t ,  introduced 
the tox i co logy  and carcinogenesis s tud ies  of a l l y 1  g l y c i d y l  e ther  by reviewing 
the experimental design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t ions  o f  these 2-year i n h a l a t i o n  studies,  there  was 
equivocal evidence o f  carcinogenic a c t i v i t y  o f  a l l y l  g l y c i d y l  e ther  f o r  
male Osborne-Mendel r a t s ,  based on the  presence o f  one p a p i l l a r y  adenoma 
o f  r e s p i r a t o r y  e p i t h e l i a l  o r i g i n ,  one squamous c e l l  carcinoma o f  
r e s p i r a t o r y  e p i t h e l i a l  o r i g i n ,  and one p o o r l y  d i f f e r e n t i a t e d  adeno- 
carcinoma o f  o l f a c t o r y  e p i t h e l i a l  o r i g i n ,  a l l  occur r ing  i n  the  nasal 
passage o f  males exposed a t  10 ppm. There was no evidence o f  carcinogenic 
a c t i v i t y  o f  a l l y l  g l y c i d y l  e ther  f o r  female ra ts .  One p a p i l l a r y  adenoma 
of the  r e s p i r a t o r y  ep i the l i um was present i n  a  female r a t  exposed a t  5 
ppm. There was some evidence o f  carc inogenic a c t i v i t y  o f  a l l y 1  g l y c i d y l  
e ther  f o r  male 86C3F1 mice, based on the  presence o f  th ree adenomas o f  the 
r e s p i r a t o r y  ep i  the1 ium, dysp las ia  i n  four .  males, and foca l  basal c e l l  
hyperp las ia  o f  the  r e s p i r a t o r y  ep i the l i um i n  seven males i n  the. nasal 
passage o f  mice exposed a t  10 ppm. There was equivocal evidence o f  
carc inogenic a c t i v i t y  o f  a l l y l  g l y c i d y l  e ther  f o r  female mice, based on 
the  presence o f  one adenoma o f  the r e s p i r a t o r y  ep i the l i um and foca l  basal - .  
c e l l  hyperplas ia o f  the  r e s p i r a t o r y  ep i the l i um i n  seven females exposeca t  
10 ppm. 

D r .  Ashby, a  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He expressed 
su rp r i se  t h a t  the  chemical was not  a  more potent  carcinogen, as suggested by i t s  
chemical s t ruc tu re ,  s t r u c t u r a l  s i m i l a r i t y  t o  g l y c i d o l ,  and geno tox i c i t y ,  and 
wondered i f  there  might  no t  have been a  more marked expression o f  carcinogenic 
p o t e n t i a l  by a  d i f f e r e n t  rou te  o f  exposure. He asked t h a t  there  be cross 
reference t o  the p o t e n t i a l  ca rc inogen ic i t y  o f  g l y c i d o l  and comparative 
d iscussion of the genet ic  t o x i c i t y  i n  the  Discussion. D r .  Boorman sa id  t h i s  
would be done. 

D r .  M i re r ,  t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
thought t h a t  the  s e n s i t i v i t y  o f  the  study i n  male r a t s  was reduced by excessive 
m o r t a l i t y  which was unre la ted t o  compound admin is t ra t ion .  Dr .  M i r e r  comnented 
on the  reproduct ive  studies,  no t i ng  t h a t  exposure a t  30 ppm appeared t o  have 
produced adverse e f f e c t s  i n  male rats.  This was the  lowest dose used i n  t h i s  
assay; there fore ,  a  no e f f e c t  l e v e l  was no t  es tab l ished he noted. D r .  Boorman 
sa id  reproduct ive  s tud ies  would be g iven more:emphasis; also, t he  reproduct ive 
tox i co logy  group a t  NIEHS planned t o  study o ther  chemicals i n  the  g l y c i d y l  ether  
se r ies  i n c l u d i n g  g l y c i d o l .  
D r .  L i j i n s k y ,  the  t h i r d  p r i n c i p a l  reviewer, d i d  no t  agree w i t h  the  conclusions. 
He opined t h a t  these experiments were not  designed t o  produce carc inogenic 
e f fec ts ,  main ly  because o f  the l i m i t e d  dose o f  a  h igh  b o i l i n g  p o i n t  compound 
t h a t  can be administered by the  i n h a l a t i o n  route. Likewise, the  reproduct ive 
s tud ies  su f fe red  from the  same l i m i t a t i o n .  D r .  L i j i n s k y  considered the  numbers 
o f  tumors observed t o  be too f e w  t o  j u s t i f y  the  l e v e l s  o f  evidence chosen i n  
male r a t s  and mice. Dr. Boorman responded t h a t  the  l a rge  numbers o f  pre- 



n e o p 1 a s t i c ~ l e s i o n s ,  p a r t i c u l a r l y  i n  mice, made the  d i f f e rence .  D r .  Popp and 
D r .  Garman supported the  l e v e l  o f  evidence i n  male mice; however, D r .  Popp was 
unsure as t o  whether he cou ld  support equivocal evidence i n  male r a t s  and female 
mice. D r .  L i j i n s k y  supported the  suggest ion made by D r .  Ashby f o r  gavage 
s tud ies  o f  a l l y l  g l y c i d y l  e ther ,  e s p e c i a l l y  s ince h igher  concent ra t ions  could be 
g iven and t h a t  would b e t t e r  a l l o w  comparison t o  the  g l y c i d o l  (NTP TR #374) 
experiments. 

Dr. Gold s a i d  she considered the  s tud ies  i n  male r a t s  t o  be inadequate based on 
poor s u r v i v a l ,  p a r t i c u l a r l y  i n  the  h igh  dose group. D r .  Boorman noted t h a t  the 
low s u r v i v a l  was due p r i m a r i l y  t o  rena l  disease. Dr .  J. Haartz, NIOSH, s a i d  
the c u r r e n t  NIOSH est imate o f  workers exposed i s  about 400. 

Dr. Ashby moved: (a) t h a t  t he  Technical Report on a l l y l  g l y c i d y l  e the r  be 
accepted w i t h  the  conclus ions as w r i t t e n  f o r  male r a t s  and female mice, 

evidence o f  carc inogenic a c t i v i t y ,  f o r  female r a t s ,  no evidence o f  equivocal 
carc inoqenic a c t i v i t y ,  and f o r  male mice, some evidence o f  carc inogenic 
a c t i v i t y ,  and (b) t h a t  a statement be added t o  the  conclus ions f o r  male r a t s  t o  
i n d i c a t e  t h a t  t he  s e n s i t i v i t y  f o r  d e t e c t i n g  a carc inogenic e f f e c t  was reduced by 
excessive m o r t a l i t y .  D r .  Garman seconded the  motion, f o r  which the  vo te  
r e s u l t e d  i n  a t i e  w i t h  f o u r  yes votes (Ashby, Garman, McKnight, M i r e r )  t o  f o u r  
no votes (Gold, Klaassen, L i j i n s k y ,  Popp). Dr. Scala, t he  Chair ,  then cas t  the 
t i e  breaking vo te  i n  f a v o r  o f  acceptance. 



Benzaldetryde. D r .  J.B. Bishop, NIEHS, NTP Study S c i e n t i s t ,  in t roduced the  
tox i co logy  and carcinogenesis s tud ies  o f  benzaldehyde by rev iewing the  
experimental  design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t i ons  o f  these 2-year gavage studies,  t he re  was no evidence 
of carc inogenic a c t i v i t y  o f  benzaldehyde f o r  male o r  female F344lN r a t s  
r e c e i v i n g  200 o r  400 mg/kg per  day. There was some evidence of 
carc inogenic a c t i v i t y  o f  benzaldehyde f o r  male and female B6C3F1 mice, as 
i n d i c a t e d  by increased incidences o f  squamous c e l l  papi l lomas and 
hyperp las ia  o f  the  forestomach. 

D r .  Garman, a p r i n c i p a l  reviewer, agreed w i t h  the conclusions. He appreciated 
the i n c l u s i o n  o f  t ab les  p rov id ing  comparison o f  inc idence ra tes  o f  forestomach 
tumors and genet ic  t o x i c i t y  w i t h  o the r  chemicals s tud ied  by the  Program which 
induce these les ions.  He asked f o r  a more d e t a i l e d  d e s c r i p t i o n  o f  the  b r a i n  
l es ions  seen i n  h igh  dose r a t s  i n  the  13=week studies. D r .  Bishop agreed. 

D r .  Ashby, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He noted 
t h a t  the conclus ion o f  some evidence i n  male mice was based on the  dose response 
t rend  and the  dose-re lated increase i n  hyperplasias. D r .  Ashby spoke t o  the 
quest ion o f  whether i r r i t a t i o n  leads t o  hyperp las ia  which i n  t u r n  leads t o  
tumors. Dr. J. Hu f f ,  NIEHS, Ind i ca ted  t h a t  t h i s  has been a long standing 
speculat ion,  and the  l i t e r a t u r e  and NTP s tud ies  a re  r e p l e t e  w i t h  except ions; f o r  
ins tance t h e  benzaldehyde s tud ies  i n  mice showed l i t t l e  evidence o f  forestomach 
i r r i t a t i o n .  

D r .  M i re r ,  the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the conclusions i n  female 
r a t s  and male mice. He sa id  the conclus ion i n  male r a t s  should be some - 
evidence, o r  a t  a minimum, equivocal evidence o f  carc inogenic a c t i v i t y ,  based on 
increased incidences o f  pancreat ic  ac ina r  c e l l  adenomas w i t h  a s i g n i f i c a n t  t rend 
and a s i g n i f i c a n t  pa i rw ise  comparison i n  the  h igh  dose group by the  l o g i s t i c  
regression tes t .  Dr. Bishop noted t h a t  several con t ro l  groups from t h i s  study 
l abo ra to ry  have had some o f  the  h ighes t  incidences o f  pancreat ic  adenomas 
observed i n  any NTP studies. Th is  a long w i t h  o n l y  a marginal increase a t  the 
h igh  dose which was w e l l  w i t h i n  the  h i s t o r i c a l  c o n t r o l  range supported a 
conclus ion of no evidence. D r .  M i r e r  argued t h a t  the  s tud ies  prov ide  c l e a r  
evidence i n  female mice i f  s tud ies  by the  NTP o r  o thers  can be shown t h a t  
demonstrate progression o f  squamous papi l lomas o f  the  forestomach t o  malignancy. 
D r .  S. Eus t is ,  NIEHS, responded t h a t  there  were no carcinomas t o  prov ide  
evidence o f  progression and there  was on l y  a marginal increase i n  papil lomas. 
F i n a l l y ,  D r .  M i r e r  s ta ted  t h a t  the  r e s u l t s  i n d i c a t e  t h a t  female r a t s  and mice o f  
bo th  sexes might  have t o l e r a t e d  h igher  doses, and decreased s u r v i v a l  i n  male 
r a t s  might  have compromised the  s e n s i t i v i t y  o f  the study f o r  de tec t i ng  
neop las t i c  e f f e c t s .  D r .  Bishop r e p l i e d  t h a t . . i n  h igh  dose male r a t s ,  su rv i va l  
was g r e a t e r  than 70% a t  18 months and g rea te r  than 50% up u n t i l  the  l a s t  two 
weeks o f  t he  study. 

D r .  Garman moved t h a t  t he  Technical Report on benzaldehyde be accepted w i t h  
a d d i t i o n  i n  the  conclusions o f  a statement t h a t  female r a t s  and mice o f  both 
sexes might  have t o l e r a t e d  h igher  doses and i n c l u s i o n  i n  Table 111-6 o f  
s t a t i s t i c a l  values f o r  pancreat ic  hyperplas ias i n  male r a t s ,  and w i t h  the 
conclusions as w r i t t e n  f o r  male and female r a t s ,  no evidence o f  carc inogenic 
a c t i v i t y ,  and f o r  male and female mice, some evidence o f  carc inoqenic a c t i v i t y .  



D r .  Ashbv seconded the  motion. D r .  M i r e r  o f f e r e d  an amendment t h a t  the  l e v e l  o f  
evidence- i n  ma1 e r a t s  be changed t o  equivocal evidence o f  carc inogenic a c t i v i t y  
based on increased inc idences o f  adenomas and hyperp las ias  o f  t he  pancreas and 
o f  mononuclear c e l l  leukemias. D r .  McKnight seconded the  amendment which was 
defeated by s i x  no votes t o  two yes votes (McKnight, M i r e r ) .  The o r i g i n a l  
mot ion by Dr. Garman then was accepted by seven yes votes t o  one no vote 
(Klaassen) . 



d-Carvone. Dr. P.C. Chan, NIEHS, NTP Study S c i e n t i s t ,  in t roduced the tox i co logy  
and carcinogenesis s tud ies  o f  d-carvone by rev iewing the  experimental design, 
resu l  t s ,  and proposed concl usions: 

Under the  cond i t i ons  o f  these 2-year gavage studies,  t he re  was no evidence 
o f  carc inogenic a c t i v i t y  o f  d-carvone f o r  male o r  female B6C3F1 mice 
adminis tered 375 o r  750 mglkg, 5 days per  week. 

D r .  Chan repor ted  t h a t  a  planned two-year study o f  d-carvone i n  F344 r a t s  was 
terminated a f t e r  13 months and the  t i ssues  were n o t  evaluated. The dec i s ion  t o  
te rminate  the  r a t  study was made because o f  several performance problems i n  the 
l abo ra to ry  t h a t  were unre la ted  t o  the  mouse study. 

Dr. L i j i n s k y ,  a  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He found i t  
worrisome t h a t  there  was a  h igher  m o r t a l i t y  among c o n t r o l  female mice than i n  
the dosed groups which suggested t h a t  the  animals were n o t  randomized. D r .  Chan 
responded t h a t  the  animals were p rope r l y  randomized. Dr. S. Eust isy NIEHS, 
expla ined t h a t  the  m o r t a l i t y  was due t o  u tero-ovar ian  i n f e c t i o n s  and i t  appeared 
t h a t  the  chemical may have prevented the  i n fec t i ons .  D r .  L i j i n s k y  asked about 
the  volumes o f  dose s o l u t i o n  adminis tered and whether they might  n o t  have been 
excessive i n  some cases. D r .  Chan po in ted  out  t h a t  the  volume o f  dose s o l u t i o n  
was constant  among groups, 10 ml lkg.  I n  view o f  the  e a r l y  t e rm ina t i on  o f  the 
r a t  study, D r .  L i j i n s k y  thought specu la t ion  i n  the  Discussion about poss ib le  
renal  ef fects o f  d-carvone i n  r a t s  should be deleted. 

Because D r .  Newberne, the  second p r i n c i p a l  reviewer, was unable t o  a t tend  the 
meeting, D r .  L. Har t ,  NIEHS, read h i s  review i n t o  the record. D r .  Newberne 
agreed w i t h  the conclusions. He asked f o r  more i n fo rma t ion  t o  be added on 
reasons f o r  the  c a n c e l l a t i o n  o f  the r a t  study. He sa id  specu la t ive  d iscussion 
comparing renal  e f f e c t s  o f  d-limonene i n  male r a t s  w i t h  unknown renal  e f f e c t s  o f  
d-carvone should be deleted. 

Dr. Klaassen, the t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
sa id  reasons f o r  cance l l i ng  and n o t  r e p o r t i n g  the  r a t  study should be g iven 
near the  f r o n t  o f  the  repor t .  D r .  McKnight asked f o r  c l a r i f i c a t i o n  as t o  
whether o r  no t  the  problems w i t h  the r a t  study might  have impinged on the  mouse 
study. Dr .  J.Huff, NIEHSy sa id  the I n - l i f e  p o r t i o n  o f  the  mouse s tud ies  was 
completed and proceeding through the  h is topatho logy  phase by the t ime the 
two-year r a t  s tud ies  were begun. About halfway through the  studies,  the NTP 
make the dec i s ion  t o  terminate them based on the  judgment t h a t  the  c o l l e c t i v e  
performance o f  t he  con t rac t  l abo ra to ry  was inadequate a t  t h a t  time. There was 
no evidence of f raud  o r  decei t .  In fo rmat ion  on the  prechron ic  s tud ies  i n  r a t s  
was inc luded i n  the  d r a f t  Report because they were done concomitant w i t h  the 
chron ic  s tud ies  i n  mice and a re  considered va l i d .  Fur ther ,  he s a i d  t h a t  based 
on the  a u d i t  and knowledge o f  l abo ra to ry  performance a t  the  t ime the  mouse 
s tud ies  were done, the  Program be l i eves  the  mouse s tud ies  a r e  adequate f o r  
evaluat ion.  D r .  Popp comnented t h a t  the  Aud i t  Sumnary supported t h i s  b e l i e f .  
D r .  Ashby and D r .  L i j i n s k y  proposed t h a t  a l l  re ferences t o  the  r a t  s tud ies  be 
de le ted  from the  repor t .  Dr .  Chan agreed. D r .  Scala s a i d  the  d iscuss ion  was 
h e l p f u l  i n  p r o v i d i n g  assurances t o  the  Panel concerning the  r e l i a b i l i t y  o f  the 
data from the  mouse studies. 

D r .  L i j i n s k y  moved t h a t  the  Technical Report on d-carvone be accepted w i t h  the 
r e v i s i o n s  discussed, i n c l u d i n g  d e l e t i o n  o f  a l l  re ferences t o  the  r a t  s tud ies  as 



we 1  
and 
the  
con 
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1  as the  comparisons w i t h  d-limonene, and the  c O ~ C ~ U S I O ~ S  as w r i t t e n  f o r  male 
femal e  mice, no evidence o f  carc inogenic a c t i v i t y .  D r .  Klaassen seconded 
motion. D r .  Gold o f f e r e d  an amendment t o  the  mot ion t o  add a  phrase t o  the  

c lus ions  s t a t i n g  t h a t  the  mice may have been ab le  t o  t o l e r a t e  a- h igher  dose. 
vote on t h i s  amendment r e s u l t e d  i n  a  t i e  w i t h  four  no votes (Ashby, 

Klaassen, L i j i n s k y ,  Popp) and f o u r  yes votes (Garrnan, Gold, McKnight, M i re r ) .  
To reso lve  the  t i e ,  D r .  Scala, t he  Chair,  voted no r e s u , l t i n g  i n  de fea t  o f  the  
amendment. The o r i g i n a l  mot ion by Dr .  L i j i n s k y  then was accepted unanimously 
w i t h  e i g h t  votes. I t  was suggested t h a t  the  prechron ic  s tud ies  i n  r a t s  could be 
pub l ished separa te ly  as a  t o x i c i t y  s tud ies  repor t .  



3,3'-Dimethoxybenzidine Dihydrochoride. D r .  D.L. Morgan, NIEHS, NTP Study 
S c i e n t i s t ,  in t roduced the  tox i co logy  and carcinogenesis s tud ies  o f  
3,3'-dimethoxybenzidine d ihydroch lor ide  by rev iewing the  experimental design, 
r e s u l t s ,  and proposed conclusions: 

Under the  cond i t ions  o f  these 21-month d r i n k i n g  water s tudies,  there  was 
c l e a r  evidence o f  carcinogenic a c t i v i t y  o f  3,3'-dimethoxybenzidine 
d ihyd roch lo r ide  f o r  male F344lN ra ts ,  as i nd i ca ted  by benign and mal ignant 
neoplasms o f  the  sk in,  Zymbal gland, p r e p u t i a l  gland, o r a l  cav i t y ,  
i n t e s t i n e ,  l i v e r ,  and mesothelium. Increased incidences o f  astrocytomas 
o f  the  b r a i n  may have been r e l a t e d  t o  chemical admin is t ra t ion .  There was 
c l e a r  evidence o f  carcinogenic a c t i v i t y  o f  3,3'-dimethoxybenzidine 
d ihydroch lor ide  f o r  female F344lN ra ts ,  as i nd i ca ted  by benign and 
mal ignant  neoplasms o f  the  Zymbal gland, c l i t o r a l  gland, and mamnary 
gland. Increases i n  neoplasms o f  the  skin, o r a l  cav i t y ,  l a rge  i n t e s t i n e ,  
l i v e r ,  and u te rus /ce rv i x  were a l so  considered t o  be r e l a t e d  t o  chemical 
admin i s t ra t i on  o f  3,3'-dimethoxybenzidine d ihyroch lor ide .  

Dr. Morgan expla ined t h a t  the  s tud ies  were intended t o  l a s t  24 months bu t  were 
terminated a f t e r  21 months because o f  r a p i d l y  d e c l i n i n g  su rv i va l  o f  exposed 
animals due t o  neoplasia. 

D r .  McKnight, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. She comnented 
t h a t  f o r  s k i n  tumors, the  s t a t i s t i c a l  ana lys i s  would be more accurate i f  based 
on the t ime a t  which a tumor f i r s t  appeared i n  each animal, r a t h e r  than the time 
a t  which each animal d ied  w i t h  a tumor, bu t  noted t h a t  i n  t h i s  study t h a t  change 
o f  ana lys i s  would no t  a f f e c t  the  conclusions. 

D r .  Popp, the  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He 
po in ted out  t h a t  the I n t r o d u c t i o n  provides in format ion  t h a t  i nd i ca tes  the  
chemical had been shown p rev ious l y  t o  be carcinogenic i n  experimental animals, 
and thought t h a t  the r a t i o n a l e  f o r  doing the  cu r ren t  study could be added here 
as we l l  t o  avo id  p o t e n t i a l  confusion f o r  the reader. D r .  Popp noted the 
observat ion o f  foc i  i n  the  l i v e r s  of r a t s  a f t e r  n ine  months treatment which 
suggested the chemical might  be a hepatocarcinogen, y e t  there  was a r e l a t i v e l y  
weak l i v e r  tumor response a t  21 months. Dr .  Morgan speculated t h a t  the  e a r l y  
animal deaths may have s u f f i c i e n t l y  shortened the  t ime a v a i l a b l e  f o r  progression 
o f  f o c i  t o  de tec tab le  tumors. 

Dr. Gold, the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. She a l so  
requested mentioning the  r a t i o n a l e  f o r  performing the cu r ren t  study i n  l i g h t  of. 
the  f i n d i n g s  from the e a r l i e r  studies. She opined t h a t  some o f  the  e a r l i e r  
s tudies were no t  adequate by cu r ren t  standards. D r .  Morgan sa id  the  r a t i o n a l e  
f o r  the  study would be s ta ted  e a r l i e r  i n  the  . I n t roduc t ion  and the  inadequacies 
o f  the e a r l i e r  s tud ies  would be noted. Dr .  Gold asked t h a t  NIOSH data from the 
cu r ren t  Nat ional  Occupational Exposure Survey (NOES) be appended i n d i c a t i n g  
est imated numbers o f  U.S. workers exposed t o  the  chemical. Dr .  Scala questioned 
the  accuracy o f  the  exposure estimates. Dr. H. Matthews, NIEHS, proposed t h a t  
t he  numbers o f  workers exposed t o  3,3'-dlmethoxybenzidine was l i k e l y  t o  be 
g rea te r  than the  survey est imates s ince NTP s tud ies  have shown, a t  l e a s t  i n  
animals, t h a t  dyes der ived from benzid ine o r  i t s  congeners were me tabo l i ca l l y  
reduced i n  the  body almost completely t o  the  parent  compound. Dr. Gold a l so  
suggested t h a t  the  r e s u l t s  f r o m  the  study i n  mice conducted a t  NCTR be included 
i n  the  repor t .  



Dr. Miter said another rationale for the NTP study could be that there is no 
tumor site concordance between humans and animals. Dr. J.Huff, NIEHS, responded 
that there were no epidemiology studies on this congener to enable determination 
of concordance. He added that there is a comparable neoplastic site (urinary 
bladder) in humans and dogs exposed to the parent chemical, benzidine. 

Dr. McKnight moved that the Technical Report on 3,3'-dlmethoxybenzidine be 
accepted with the revisions discussed and the conclusions as written for male 
and female rats, clear evidence of carcinogenic activity. Dr. Popp seconded the 
motion, which was accepted unanimously with eight votes. 



Glyc ido l .  -D r .  R.D. I r w i n ,  NIEHS, NTP Study S c i e n t i s t ,  in t roduced the  tox i co logy  
and carcinogenesis s tud ies  o f  g l y c i d o l  by rev iewing the experimental design, 
r e s u l t s ,  and proposed conclusions: 

Under the  cond i t i ons  o f  these 2-year gavage studies,  t he re  was c l e a r  
evidence o f  carc inogenic a c t i v i t y  o f  g l y c i d o l  f o r  male and female F344lN 
r a t s  and male and female 86C3F1 mice, based on increased inc idence o f  a 
v a r i e t y  o f  neoplasms a t  numerous t i s s u e  s i tes .  

Dr. I r w i n  noted t h a t  because s u r v i v a l  of chemical ly  exposed r a t s  was reduced by 
the  e a r l y  l e t h a l i t y  caused by neoplasia, the  usual convent ion o f  expressing 
tumor inc idence might  underest imate the t r u e  inc idence t h a t  would have occurred 
i n  the  absence o f  such reduced su rv i va l .  Therefore, tumor analyses f o r  r a t s  
were based on the  e f f e c t i v e  number o f  r a t s  i n  each group, i.e., the  number o f  
r a t s  a l i v e  a t  the  t ime t h a t  the  f i r s t  r a t  d ied  o r  was k i l l e d  i n  a moribund 
c o n d i t i o n  w i t h  the  tumor a t  a p a r t i c u l a r  s i t e .  

D r .  Popp, a p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. He a l s o  agreed 
w i t h  the  approach descr ibed by D r .  I r w i n  based on the  e f f e c t i v e  number o f  
animals a l though he thought the r a t i o n a l e  cou ld  be h i g h l i g h t e d  b e t t e r  i n  the 
Ma te r ia l s  and Methods sect ion. He asked f o r  an exp lanat ion  o f  the  poor su rv i va l  
i n  c o n t r o l  ra ts .  D r .  I r w i n  i n d i c a t e d  the re  was no ready explanat ion,  and t h i s  
would be noted i n  the  repor t .  

D r .  McKnight, the  second p r i n c i p a l  reviewer, agreed w i t h  the conclusions. She 
thought the tumor s i t e s  support ing the  l e v e l  o f  evidence should be l i s t e d  i n  the 
conclusions. She s a i d  the  statement t h a t  exposure t o  chemical accelerated the 
development o f  advanced stages o f  mononuclear c e l l  leukemia should e i t h e r  be 
g iven more support o r  omit ted. D r .  I r w i n  agreed, and s a i d  the  e f f e c t  on 
leukemias would be g iven l ess  emphasis. 

Dr. Garman, the t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the conclusions. He 
expressed concern about the p resen ta t i on  o f  the h is topatho logy  p o r t i o n  o f  the 
r e p o r t  i n  t h a t  the  sec t ions  dea l i ng  w i t h  microscopic l es ions  were r a t h e r  
sketchy, being r e s t r i c t e d  p r i m a r i l y  t o  statements o f  l e s i o n  frequencies. 
D r .  S. Eus t is ,  NIEHS, responded t h a t  extensive h i s t o l o g i c  desc r ip t i ons  had not  
been prepared because the  s tud ies  were overwhelmingly p o s i t i v e  and a l a r g e  
percentage o f  the  neoplasms were malignant. He s a i d  b r i e f  h i s t o l o g i c  descr ip-  
t i o n s  would be added. 

D r .  Gold suggested adding more d e t a i l s  as t o  which t a r s e t  s i t e s  suooort the 
eva lua t i on  o f  c l e a r  evidence o f  carc inogenic a c t i v i  t y  and which do' not. 
D r .  J. Huf f ,  NIEHS, expla ined t h a t  the  NTP phi losophy was t o  a r r i v e  a t  an 
o v e r a l l  conclus ion f o r  each experiment. With: so many tumor s i t e s  c o n t r i b u t i n g  
t o  the l e v e l  o f  evidence and because o f  competing r i s k s ,  sumnary tab les  A and 8 
were p u t  i n  the  Abst rac t  t o  i n d i c a t e  the tumors t h a t  c o l l e c t i v e l y  con t r i bu ted  t o  
c l e a r  evidence i n  r a t s  and mice. D r .  H u f f  i n d i c a t e d  t h a t  t he  concluding 
statement would be d i v i d e d  i n t o  a sentence f o r  r a t s  and one f o r  mice, and 
r e f e r r a l s  would be made t o  the  l i s t s  o f  neoplasms g iven i n  the  Abstracts. 
D r .  Ashby noted t h a t  assignment o f  a l e v e l  o f  evidence t o  each t u m o r . s i t e  would 
be h e l p f u l  i n  examining carc inogenic mechanisms. D r .  Gold asked t h a t  est imates 
o f  worker exposure from the  Nat iona l  Occupational Exposure Survey (NOES) be 
added t o  the  repor t .  



I n  comnentf from the  audience, D r .  Donald McFee, represent ing  Occusafe, a 
p r i v a t e  consu l t i ng  f i r m ,  suggested t h a t  there  be some d iscuss ion  on the poss ib le  
e f f e c t s  of the  s i x  percent  i m p u r i t i e s ,  e s p e c i a l l y  a lpha-ch lorohydr in  and 
d i g l y c i d y l  ether.  M r .  Ralph Johnson, Vice President  o f  Environmental A f f a i r s ,  
D i x i e  Chemical Company, the  so le  domestic manufacturer o f  g l y c i d o l ,  comnented on 
human exposure s tud ies  they had done a t  a l l  customer s i t e s .  He s a i d  the  s tud ies  
i n d i c a t e d  about 70 persons were exposed annua l ly  a t  l e v e l s  no t  exceeding two 
p a r t s  per  m i l l i o n .  A copy o f  t h e i r  r e p o r t  was g iven t o  D r .  I r w i n  a f t e r  the 
meeting. 

D r .  Popp moved t h a t  the  Technical Report on g l y c i d o l  be accepted w i t h  the 
conclus ions as w r i t t e n  f o r  male and female r a t s  and mice, c l e a r  evidence o f  
carc inogenic a c t i v i t y .  D r .  Garman seconded the  motion, which was accepted 
unanimously w i t h  e i g h t  votes. 



Succin ic  Anhydride. D r .  R.L. Melnick, NIEHS, NTP Study S c i e n t i s t ,  in t roduced 
the  tox i co logy  and carcinogenesis s tud ies  o f  succ in ic  anhydride by reviewing the 
experimental design, r e s u l t s ,  and proposed conclusions: 

Under the  cond i t ions  o f  these 2-year gavage studies,  there  was no evidence 
o f  carc inogenic a c t i v i t y  o f  succ in ic  anhydride f o r  male o r  female F344lN 
r a t s  g iven 50 o r  100 mglkg succ in ic  anhydride. There was no evidence o f  
carc inoqenic a c t i v i t y  f o r  male B6C3F1 mice g iven 38 o r  75 mglkg succ in ic  
anhydride o r  f o r  female B6C3F1 mice g iven 75 o r  150 mglkg. 

Because D r .  Newberne, a p r i n c i p a l  reviewer, was unable t o  a t tend  the  meeting, 
D r .  L. Hart ,  NIEHS, read h i s  review i n t o  the record. D r .  Newberne agreed w i t h  
the  conclusions, b u t  questioned the gavage route  o f  exposure. D r .  Melnick said 
the route  used was selected because t h a t  i s  the  human route  o f  exposure. 
Dr. Newberne s ta ted  t h a t  the usage data were a v a i l a b l e  and i n c l u d i n g  the  weight 
o r  percentage used i n  foods would be he lp fu l .  

Dr. Gold, t he  second p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. She 
comnented on the  f i n d i n g  o f  o i l  d rop le ts  i n  the  lungs o f  some r a t s  and mice on 
re t rospec t i ve  examination. She suggested t h a t  the  poss ib le  r o l e  o f  gavage 
accidents i n  e a r l y  deaths o r  moribund s ta tes  needed f u r t h e r  d iscussion and t h a t  
i t  should be c l e a r l y  s ta ted  t h a t  su rv i va l  was considered adequate t o  de tec t  a 
carc inogenic e f fec t .  D r .  Melnick po in ted ou t  t h a t  there  were s u f f i c i e n t  numbers 
o f  animals t o  evaluate carc inogen ic i ty ,  as s ta ted i n  the  discussion. r e s u l t s  and 
abs t rac t  
be added 
Nat ional  
wou 1 d be 

Dr. McKn 
sa id  she 

D r .  Gold a l so  thought that-more informat ion on human exposure should 
i n c l u d i n g  more recent  est imates on worker exposure from the NIOSH 
Occupational Exposure Survey (NOES). Dr. Melnick sa id  the  NOES data 
inc luded i n  the  report .  

ght,  the  t h i r d  p r i n c i p a l  reviewer, agreed w i t h  the  conclusions. She 
could support a conclusion o f  equivocal evidence o f  carcinogenic 
i n  male r a t s  based on a s t a t i s t i c a l l y  s i a n i f i c a n t  o o s i t i v e  dose-related a c t i v i t  

t rend ii the incidence o f  keratoacanthomas o f - thewsk in .  Melnick explained 
t h a t  the  incidence i n  h igh  dose animals was no t  s i g n i f i c a n t l y  d i f f e r e n t  from 
con t ro l  values and the  incidence was s l i g h t l y  lower than the  h ighest  h i s t o r i c a l  
incidence observed i n  male corn o i l  gavage con t ro l  F344 rats.  With regard t o  
e a r l y  deaths due t o  gavage accidents, Dr .  McKnight noted there  was a c l e a r  dose- 
r e l a t e d  trend, presumably because dosed animals become harder t o  handle and are 
thus more prone t o  accident. Thus, she proposed t h a t  these " a ~ c i d e n t a l ' ~  deaths 
could be c l a s s i f i e d  as deaths due t o  t o x i c  e f f e c t s  o f  the  chemical as i t  i s  
administered under study condi t ions.  D r .  Melnick sa id  an a d d i t i o n a l  su rv i va l  
curve o f  t o t a l  su rv i va l  w i thout  censoring f o r  gavage accidents would be 
included. 

D r .  Gold moved t h a t  the  Technical Report on succ in ic  anhydride be accepted w i t h  
the conclusions as w r i t t e n  f o r  male and female r a t s  and mice, no evidence o f  
carc inogenic a c t i v i t y .  D r .  Popp seconded the  motion which was accepted by seven 
yes votes w i t h  one abstent ion  (McKnight). 





TOXICITY STUDIES 

Cobal t  S u l f a t e  Heptahydrate. D r .  J.R. Bucher 
in t roduced the  shor t - term t o x i c i t y  s tud ies  o f  
rev iewing the  r a t i o n a l e ,  experimental design, 
aerosols were adminis tered by whole body inha 

, NIEHS, NTP Study S c i e n t i s t ,  
c o b a l t  s u l f a t e  heptahydrate by 
and resu l t s .  Cobal t  s u l f a t e  

l a t i o n  exposure t o  groups o f  F344lN 
r a t s  and B6C3F1 mice o f  both-sexes f o r  i6-days o r  13-weeks. I n  16-day studies,  
a l l  r a t s  and mice exposed t o  the  top  concent ra t ion  o f  200 mglcubic meter died, 
w h i l e  i n  13-week studies,  a l l  r a t s  and a l l  b u t  2/10 male mice exposed t o  the top 
concent ra t ion  o f  30 mglcubic meter surv ived t o  the end o f  the  studies. A 
no-observed-adverse-effect l e v e l  was no t  reached w i t h  e i t h e r  species. I n  the 
16-day s tud ies ,  l es ions  were observed i n  the  r e s p i r a t o r y  t r a c t s  o f  r a t s  and mice 
i n c l u d i n g  degenerat ion o f  the  o l f a c t o r y  ep i the l i um and n e c r o t i z i n g  in f lamnat ion  
i n  the  nose, la rynx ,  trachea, and bronchi.  Regenerative l es ions ,  i n c l u d i n g  
pe r ib ronch ia l  and septa l  f i b r o s i s  i n  the  lung, were a l s o  observed i n  both 
species. I n  the  13-week studies,  l es ions  i n  the  r e s p i r a t o r y  t r a c t  inc luded 
o l f a c t o r y  ep i the l i um degeneration, squamous metaplas ia o f  the  r e s p i r a t o r y  
ep i the l ium,  and inflammation i n  the  nose o f  r a t s  and mice. I n  the  la rynx ,  
in f lamnat ion ,  necrosis ,  and squamous metaplas ia occurred i n  bo th  species, and 
u l c e r s  and in f lamnatory  polyps occurred i n  rats .  I n  the  lung, h i s t i o c y t i c  
i n f i l t r a t e s ,  b ronch io la r  regenerat ion, p e r i b r o n c h i o l a r  and septa l  f i b r o s i s ,  and 
e p i t h e l i a l  hyperp las ia  i n  the  a l v e o l i  were observed i n  bo th  r a t s  and mice. The 
t i s s u e  a f f e c t e d  a t  the  lowest concent ra t ion  was the  larynx.  

D r .  Garman, a p r i n c i p a l  reviewer, sa id  the  d r a f t  r e p o r t  was w e l l  prepared. I n  
p a r t i c u l a r ,  he thought the  h is topatho logy  p o r t i o n  o f  the  Resu l ts  sec t i on  t o  be 
comnendable f o r  the  d e t a i l e d  d e s c r i p t i o n  o f  the  l o c a l i z a t i o n  o f  the  l es ions  a t  
the suborgan l e v e l  and f o r  the h igh  q u a l i t y  photomicrographs o f  the  les ions.  He 
suggested changes t o  the  d iscuss ion  t h a t  emphasized the unique s u s c e p t i b i l i t y  t o  
chemical i n j u r y  o f  the  area o f  the  l a rynx  a f f e c t e d  by cobal t .  He sa id  the 
aerosol used needed t o  be b e t t e r  charac ter ized i n  the  repo r t ,  e s p e c i a l l y  the pH 
i n  view of the  i r r i t a t i o n  observed. D r .  Bucher noted t h a t  the  aerosol was a d ry  
aerosol and the pH was concent ra t ion  dependent and no t  as a c i d i c  as p red i c ted  so 
there  was l ess  concern t h a t  e f f e c t s  seen were due t o  the a c i d i t y .  

D r .  Klaassen, a second p r i n c i p a l  reviewer, sa id  the  r e p o r t  t h a t  coba l t  ac t i va tes  
the  enzyme, heme oxygenase, should be cor rec ted  t o  i n d i c a t e  t h a t  coba l t  induces 
the enzyme. 

D r .  M i r e r  s ta ted  t h a t  coba l t  i s  an extremely important  compound from an 
i n d u s t r i a l  h e a l t h  p o i n t  o f  view, and the lowest l e v e l  t es ted  i n  t h i s  study i s  
on ly  s l i g h t l y  above the  a l lowed occupational h e a l t h  l i m i t .  He sa id  there  was 
some i n d i c a t i o n  t h a t  r e s p i r a t o r y  e f f e c t s  o f  coba l t  i n  humans may have a l l e r g i c  
aspects. D r .  M i r e r  asked whether the NTP planned t o  do chron ic  studies. D r .  
Bucher sa id  no dec i s ion  had been made on f u r t h e r  studies. D r .  R. Griesemer, 
NIEHS, s a i d  the  Panel 's  advice would be h e l p f u l  i n  s e t t i n g  p r i o r i t i e s .  Dr .  
Scala sa id  t h a t  seeing no ob jec t ions ,  the  Panel would pass a long the  r e p o r t  w i t h  
i t s  comnents. 





1,2-Dichloroethane. Dr. D.L. Morgan, NIEHS, NTP Study Scientist, introduced the 
short-term toxicity studies of 1,2-dichloroethane by reviewing the rationale, 
experimental design, and results. The chemical was-admini stered to B6C3F1 mice, 
F344lN rats, Osborne-Mendel rats, and Sprague-Dawley rats in drinking water for 
13 weeks to investigate potential differences in species and strain 
susceptibility. In addition, F344 rats were given 1,2-dichloroethane by gavage 
in corn oil to compare toxicity resulting from bolus administration with that of 
continuous exposure. Few toxic effects were observed in rats administered the 
chemical in drinking water, most likely because a high enough dose could not be 
achieved due to limitations in solubility and palatability. Based on organ 
weight increases, the kidney and liver appeared to be target organs, although 
histologic evidence of toxicity was found only in kidneys of female F344 rats 
and male mice. Similar doses (in mglkg) by gavage resulted in greater toxicity 
to F344 rats than after administration in drinking water. Necrosis of the 
cerebellum and thymus, as well as hyperplasia, i n f l m a t i o n  and mineralization 
of the forestomach were observed in rats that died or were killed in moribund 
condition. 

Dr. Klaassen, a principal reviewer, comnented that stating the rationale for the 
study earlier in the report, especially in the Abstract, wou1.d be helpful. 
Dr. Morgan agreed and said it would be put in the Abstract. 

Dr. Popp, a second principal reviewer, said the report was clearly written and 
adequately presented the background and current experiments. He inquired as to 
the rationale for a separate group of animals for evaluation of clinical 
pathology parameters. Dr. Morgan replied that this was done because of 
uncertainty about the effects of bleeding on animal response to the chemical. 

Dr. Mirer observed that if the comparative route studies were aimed at 
determining if there was saturation of metabolic mechanisms, the question was 
not answered. He said this could be more directly addressed by an absorption 
and distribution study. Dr. Gold said there should be newer human exposure data 
available, Dr. J. Haartz, NIOSH, said newer exposure data was available and she 
would send it to Dr. Morgan. Dr. L. Zelse, Calif. Dept. of Health Services, 
suggested that it would be helpful to include discussion of how the delivered 
dose was calculated in the drinking water studies. Dr. Bucher said this 
information would be Included in this report and i n  reports of future drinking 
water studies. 

Dr. Scala said that seeing no objections, the Panel would accept the Technical 
Report with the modifications as discussed, 





alpha-Methylbenzyl Alcohol - Reevaluation. The NTP toxicology and 
carcinogenesis studies of alpha-methylbenzyl alcohol in F344IN rats and B6C3F1 
mice (draft Technical Report No. 369) were peer reviewed by the Panel on March 
13, 1989. Because of poor survival among rats of both sexes due mainly to a 
cluster of possibly accidental deaths around the midpoint of the studies and 
excessive dose-related mortality during the last quarter, the Panel was unable 
to ascertain to their satisfaction whether these occurrences were isolated 
events, or whether they represented a more generic technical inadequacy of the 
studies in rats. Therefore, the Panel asked the NTP to review the technical 
conduct of the two-year studies of alpha-methylbenzyl alcohol in rats, with two 
possible outcomes: ( 1 )  if the review confirms the technical adequacy of the 
overall study procedures, the levels of evidence as written in the report (some - 
evidence of carcinogenic activity in males and no evidence of carcinogenic 
activity in females) should be affirmed; or (2) if the NTP concludes that the 
rat studies are flawed, then they should be reclassified as inadequate studies 
of carcinogenic activity. The survival of mice was not an issue and the 
conclusions for mice were accepted by the Panel at the previous meeting. 

Dr. S. Eustis, NIEHS, began with a general discussion of the problem of deaths 
resulting from poor gavage technique and how determination is made as to whether 
or not gavage was a factor in an animal's death. Speaking to the alpha- 
methylbenzyl alcohol studies, Dr. Eustis reported that dosing records, 
temperature and humidity data, clinical observations, and individual animal 
data records were reviewed by Dr. Dieter, the Study Scientist, and pathology 
staff. In addition, pathology diagnoses and slides from all early death animals 
were re-examined to determine as accurately as possible the causes of death. 
This review revealed no evidence that environmental conditions, infectious 
disease or other previously unreported factors contributed to the lowered sur- 
vival in low and high dose male rats and high dose female rats. The majority 
of the early deaths recorded as accidental were associated with evidence that 
gavage was a factor. Review of the pathology data and slides confirmed that the 
preponderance of early deaths in dosed male rats could be attributed to 
exacerbation of chronic nephropathy by the chemical. In female rats, reduced 
survival in the high dose group seemed to be due primarily to the gavage-related 
deaths. In sumnary, Dr. Eustis stated that after reviewing all pertinent 
clinical records and audit reports on these studies, the staff believed that the 
conduct of the studies was technically adequate. 

He then described further investigations on the kidneys of male rats. Three 
additional sections from each animal were taken to aid in the interpretation of 
the pathology data. From the extra sections, additional tubular cell neoplasms 
were observed in low and high dose male rats. The incidences of tubular cell 
neoplasms found during the original evaluation of one section per kidney were: 
controls, 0150; low dose, 2/50; and high dose., 5/50. The overall incidence of 
tubular cell neoplasms observed in the original evaluation and the additional 
sections combined was: controls, 1/50; low dose, 13/50; and high dose, 14/50. 
The increased tumor incidence was significant (p<0.001) for both low and high 
dose groups compared with controls. 

Dr. Scala comnented that unless the Panel or the NTP wanted to recomend 
changing the level of evl'dence in male rats, no further action was required. 
However, he thought a sense of the Panel motion would be appropriate for the 
record. Dr. Popp moved that hased upon the additional studies and evaluation 



t h a t  t he  NTP has done and the  r e p o r t  presented by D r .  Eus t is ,  t he  p rev ious l y  
r a i s e d  quest ions concerning the  conduct o f  the  study were now answered t o  the  
s a t i s f a c t i o n  o f  t he  Panel. Fur ther ,  t he  o r i g i n a l  l e v e l s  o f  evidence, - some 
evidence o f  carc inogenic a c t i v i t y  i n  male ra t s ,  and no evidence o f  carc inogenic 
a c t i v i t y  i n  female r a t s ,  were s t i l l  appropr iate.  D r .  L i j i n s k y  seconded the 
motion. A f t e r  f u r t h e r  d iscussion,  D r .  M i r e r  o f f e r e d  an amendment in tended t o  
con f i ne  the  sense o f  the  Panel a c t i o n  t o  the  conduct o f  the  study by d e l e t i n g  
the  sentence concerning the  l e v e l s  o f  evidence. D r .  Gold seconded the  amend- 
ment, which was accepted unanimously w i t h  e i g h t  votes. Dr. Poppis mot ion minus 
the  de le ted  sentence was then accepted unanimously w i t h  e i g h t  votes. 

Dr. Scala concluded the  rev iew o f  alpha-methylbenzyl a lcoho l  by ask ing t h a t  i f  
the  Program in tends t o  change the  l e v e l s  o f  evidence i n  male r a t s ,  then t h a t  
r e c o n e n d a t i o n  should be brought back t o  the  Panel f o r  evaluat ion.  



Genetic Cont ro l  o f  Inbred Rodents Produced f o r  the  NTP Studies - Dr. G. N. Rao 
NIEHS, began by s t a t i n g  t h a t  assuming chemical t reatment  i s  constant.  much o f  
the  v a r i a b i l i t y  between animals of a-group cou ld  be a combination o f n g e n e t i c  
f ac to rs ,  experimental  f ac to rs ,  and environmental f a c t o r s  (Attachment 1). 

The sources o f  genet ic  v a r i a b i l i t y  i n  inbred s t r a i n s  cou ld  be a t  l e a s t  
three:  (1) res idua l  he terozygos i ty ;  (2)  genet ic  contaminat ion; and (3)  genet ic  
mutat ions (Attachment 1 ,  p. 1). 

Dr. Rao discussed steps taken t o  prevent  these sources o f  v a r i a t i o n  i n c l u d i n g  
(1)  p revent ing  format ion o f  sub l ines  (Attachment 1, p. 2) ,  and (2)  mon i to r ing  
f o r  genet ic  contaminat ion by us ing  two classes o f  t es t s ,  one being biochemical 
markers, markers se lec ted  t o  de tec t  contaminat ion o f  r e l a t e d  s t r a i n s ,  and the 
second i s  the  s k i n  g r a f t i n g  procedure (Attachment 1, p. 3). 

Biochemical markers f o r  mice a re  shown i n  Attachment 1, p. 4. Looked a t  a re  13 
d i f f e r e n t  biochemical markers, p l u s  two v i s i b l e  markers r e l a t e d  t o  coat co lo r ,  a  
t o t a l  o f  15 markers loca ted on 11 chromosomes. These were se lec ted  because 
these a re  v a r i a b l e  i n  d i f f e r e n t  s t ra ins .  With regard t o  the  r a t ,  n ine  d i f f e r e n t  
markers a re  used t o  d i f f e r e n t i a t e  d i f f e r e n t  s t r a i n s  and de tec t  any con- 
taminat ion,  p l u s  the  coat co lo r ,  a  t o t a l  o f  ten  markers (Attachment 1, p. 5 ) .  
The s ix-year  experience based on these t e s t s  i s  t h a t  t he re  i s  no genet ic  
contaminat ion o f  t he  NTP r a t  and mouse colonies. 

With regard t o  genet ic  mutat ion,  the  same classes o f  t e s t s  a re  used. The f i n -  
d ings f o r  s k i n  g r a f t i n g  a re  sumnarized i n  Attachment 1, pp. 8-9. Based on the 
s k i n  g r a f t  procedure i n  e f f e c t  now f o r  th ree  years, we can conclude t h a t  there  
were no major mutat ions du r ing  the  l a s t  th ree  years i n  the  NTP r a t  and mouse 
colonies. 

Resul ts  o f  a s i x  year  experience w i t h  biochemical markers a re  sumnarized i n  
Attachment 1, pp. 10-11. 

Dr. Rao concluded t h a t  t he re  has been no genet ic  contaminat ion and no major 
mutat ions i n  the  NTP r a t  and mouse co lon ies  du r ing  the  pas t  s i x  years. 





Attachment 1 

GENETIC CONTROL OF INBRED ROOENTS 
PRODUCED FOR THE NTP STUDIES 



SOURCES OF GENETIC VARIATION 
IN INBRED STRAINS 

RESIDUAL HETEROZYGOSITY WITH DIFFERENT 
AND DIFFERING INCREASE OF HOMOZYGOSITY 
IN INDIVIDUAL SUBLINES 

GENETIC CONTAMINATION: the unintentional 
or unobserved crossing of an alien genome 
into an established inbred strain 

GENETIC MUTATION 



PREVENT FORMATION OF SUBLINES 

PERIODIC REDERIVATION WITH PEDIGREED 
STOCK FROM NIH GENETIC COLONIES 
(1981, 1984, 1987, . . .) 
LIMIT THE NUMBER OF GENERATIONS 



GENETIC CONTAMINATION 

BIOCHEMICAL MARKERS 

SKIN GRAFTING 



BIOCHEMICAL MARKERS 

SPECIFIC LOCI FOR GENETIC MONlTORlNG OF MICE 

LOCUS CHROMOSOME DESCRIPTION TISSUE ANALYZED 

IDH-1 

PEP-3 

CAR-2 

GPD- 1 

PGM- 1 

LDR-1 

GPI- 1 

HBB 

ES- 1 

MOD- 1 

nu= 

ES-3 

ES-10 

Isocitric dehydrogenase 

Peptidase 

RBC carbonic anhydrase 

Glucose-6-phosphate 
dehydrogenase 

Phosphoglucomutase 

Lactate dehydrogenase 
regulator 

Glucose phophate isomerase 

Hemoglobin- beta chain 

Es terase 

Maiic enzyme 

Transferrin 

Esterase 

Esterase 

Kidney 

Kidney 

R E  

Kidney 

Kidney 

RBC 

Kidney 

RBC 

Kidney 

Kidney 

Serum 

Kidney 

RBC 

Coat color 

Coat color 



SPECIFIC LOCI FOR GENETIC MONITORING OF RATS 

LOCUS DESCRIPTION TISSUE LINKAGE GROUP 

ES- 1 

ES-2 

ES-3 

ES-4 

ES-6 

HBB 

LAP- 1 

Esterase- 1 

Esterase-2 

Esterase-3 

Es terase-4 

Esterase-6 

Hemoglobin 

Leucine 
aminopeptidase-  1 

PEP-3 Dipeptidase 

FH- I Fumerate 
hydratase 

Plasma 

Plasma 

Liver 

Kidney 

Kidney 

RBC 

Kidney ? 

Kidney 
Liver 

Kidney 

C Colored ai bin0 Coat color 



5 rx 
--YEAR EXPERIENCE 

No Genetic Contamination of 
NTP Rat and Mouse Colonies 



GENETIC MUTATION 

SKIN GRAFTING 

BIOCHEMICAL MARKERS 



SKIN GRAFTING 

No skin graft rejections 

Within the same colony 

Between the colonies rederived 
from NIH genetic colonies 
three yearr apart 

No major mutations during the last three 
years rn the NTP rat and mouse colonies. 



C57BU6N C578U6J * 
C3HiHeN MTV- C3HlHeJ MTV- 
F344iN F344/Ncr 

Detected one to two loss mutations in 4 of 30 
C57BU6J mice indicating some de ree of 
genetic inhomogeneity within the 8 578U6 

colony at Jackson Laboratory 



BIOCHEMICAL MARKERS 

Six-Year Experience-Mice 

C578U6 x 86C3F1 back cross in one of 125 
breeding cages. 

Variant pattern of glucose phosphate ismerase in one 
C578U6 indicating possible spontaneous mutation. 

Malic enzyme protein variant similar to the protein in C3H 
in one B6C3F1 mouse. This could be due to the expression 
of residual heterozygosity or a spontaneous mutation. 

Variants of esterase activi in B6C3F1 possibly due to a 
mutation at an unidentifie 9 esterase locus. 



BIOCHEMICAL MARKERS 

Six-Year Experience--F344 Rats 

One esterase variant consistent with a 
mutation at an unidentified esterase locus 



No genetic contamination and no major 
mutations in the NTP rat and mouse 
colonies during the past six years. 





L i g h t  I n t e n s i t y  Associated Ophtha lmi t i s  o f  F ischer  344 Rats i n  Long-Term 
Studies - Dr. G. N. Rao, NIEHS, noted t h a t  i f  the  genet ic  v a r i a b i l i t y  can be 
con t ro l l ed ,  then experimental and environmental f a c t o r s  w i l l  be the  major causes 
f o r  v a r i a b i l i t y  between animals o f  a  group. L i g h t  i s  one o f  t he  major envi ron-  
mental f a c t o r s  f o r  animals. Of ten a l b i n o  r a t s  and mice a r e  known t o  be more 
s e n s i t i v e  t o  l i g h t  than pigmented animals. Dr .  Rao then shared NTP experience 
on l i g h t  i n t e n s i t y  associated oph tha lm i t i s  o r  ocu la r  l es ions  o the r  then r e t i n a l  
degenerat ion o f  F isher  344 r a t s  i n  l o n g - t e n  s tud ies  (Attachment 2). 

The NIH guide f o r  the  care and use o f  animals, 1978 e d i t i o n ,  recomnended 75 t o  
125 f o o t  candles l i g h t  i n t e n s i t y  i n  the  animal room. Labora tor ies  conduct ing 
s tud ies  f o r  the  NTP have l i g h t  i n t e n s i t i e s  as h igh  as 150 f o o t  candles i n  the 
animal rooms. Rats i n  the  NTP s tud ies  a re  group housed a t  f i v e  per  cage i n  
hanging d rye r  type p o l y  carbonate cages (Attachment 2, p. 2). These are  very 
c l e a r  p l a s t i c  cages, and they a re  as t ransparent  as c l e a r  glass. And when the 
animal room i s  i l l u m i n a t e d  from the  c e i l i n g  l i g h t s ,  there  w i l l  be h igher  
l i g h t i n g  t o  the animals i n  the  cages i n  the  top  row t o  some ex ten t ,  w h i l e  the 
s ide  columns w i l l  be exposed t o  h igher  l i g h t  i n t e n s i t i e s  than the  animals i n  the 
i n s i d e  cages and the bottom rows. And indeed, i n  t he  NTP s tud ies  q u i t e  a  few 
animals i n  the  top  row have developed opaque o r  cloudy eyes. 

Attachment 2, pp. 3-4 shows a  six-row cage rack w i t h  f l v e  cages per  row, used 
f o r  the dose arrangement i n  one o f  the t e s t i n g  f a c i l i t i e s .  The high-dose male 
animals were i n  the  top two rows, h igh  dose females I n  the  middle rows, low dose 
males i n  the  bottom rows, and i n  the  second rack the  r e s t  o f  the  animals. The 
i n fo rma t ion  presented here i s  a  sumnary o f  th ree  d i f f e r e n t  s tud ies  combined, 
those on benzyl acetate,  geranyl ace ta te  and zearalenone. Shown i s  the  number 
o f  animals w i t h  l es ions  over the  number o f  animals s t a r t e d  i n  the  study combined 
f o r  the th ree  s tud ies  i n  each o f  these cages. Lesions were diagnosed as 
ca ta rac ts  by h i s t o l o g i c  examination. I n  the  top  row some 65 percent  o f  a l l  the  
animals had the  les ions ,  w h i l e  l ess  than ten  percent  i n  t he  bottom rows and 
i n s i d e  column cages had les ions.  I n  the second rack o f  the  same s e t  o f  s tudies,  
some 70 percent  o f  i n  the  top row alone had opaque eyes o r  cataracts.  Very few 
i n  the o ther  rows had les ions.  

Attachment 2, pp. 5-6 shows the  prevalence o f  l es ions  i n  a  second f a c i l i t y .  
This  i s  combined i n fo rma t ion  from two d i f f e r e n t  s tud ies ,  those on erythromycin 
s tea ra te  and 2-amino-5-nitrophenol. I n  t h i s  f a c i l i t y  they housed -animals by 
dose i n  two rows together ,  b u t  w i t h  a l l  the  males i n  one rack and a l l  the 
females i n  a d i f f e r e n t  rack. When combined from two d i f f e r e n t  s tud ies ,  some 80 
percent  o r  more o f  the  animals i n  the  top  row had cloudy o r  opaque eyes, a  few 
were found on the  s ide  column, w h i l e  very few i n  the  bottom rows and the  
i n t e r i o r  cages had eye les ions.  

D r .  Rao noted t h a t  some o f  the  con t rac t  f a c i l i t i e s  had l i g h t  i n t e n s i t i e s  as h igh  
as 150 f o o t  candles. Attachment 2, p. 7 shows very h igh  l i g h t  i n t e n s i t i e s  i n  
the top  row and i n  the  s ide  cages w i t h  l i g h t  i n t e n s i t y  s u b s t a n t i a l l y  lower a t  
the  i n t e r i o r ,  i n s i d e  cages, and the  bottom rows. This  i s  a t  120 f o o t  candles 
f i v e  f e e t  from the  f l o o r .  

I f  the  l i g h t  i n t e n s i t y  i s  changed t o  80 f o o t  candles a t  f l v e  f e e t  from the 
f l o o r ,  t he re  i s  a  subs tan t i a l  decrease, b u t  s t i l l  a h igher  l i g h t  i n t e n s i t y  i n  
the top row and s ide  cages, b u t  no t  i n  i n s i d e  cages o r  the  bottom (Attachment 2 ,  
P* 8 ) -  



Attachment-2, p. 9 shows a  combination o f  t he  l i g h t  i n t e n s i t y  versus eye 
les ions .  Th is  i s  the  l i g h t  i n t e n s i t y  i n s i d e  the  cages, assuming a  hundred and 
twenty f o o t  candles a t  f i v e  f e e t  from the  f l o o r .  And these a re  the  eye l es ions  
observed i n  2-amino-5-nitrophenol s tudy l i s t e d  as opaque o r  c loudy eyes a t  the 
22nd month o f  t he  study. These were the  number o f  animals w i t h  the  les ions ,  
number t h a t  a r e  s u r v i v i n g  a t  t h e  t ime o f  observat ion. Almost a l l  on the  top  row 
had eye les ions ,  a  good number i n  the  s ide  column had eye les ions ,  whereas i n  
the  i n t e r i o r  cages and the  bottom rows, very  few had eye les ions.  

D r .  Rao s a i d  these s tud ies  es tab l i shed  t h a t  indeed the  eye l es ions  were 
associated w i t h  the  l i g h t  i n t e n s i t y .  So, t he  l abo ra to ry  animal program 
implemented several  procedures t o  decrese the  l i g h t  i n t e n s i t y  associated w i t h  
eye l es ions  (Attachment 2, p. 10). One was t o  decrease the  room l i g h t  i n t e n s i t y  
t o  l e s s  than 50 f o o t  candles a t  f i v e  f e e t  from the  f l o o r .  Attachment 2, p. 11 
shows the  type o f  l i g h t  i n t e n s i t y  seen. I n  a l l  cases the re  a re  l ess  than 15 
f o o t  candles i n s i d e  the  cage. Based on our  experience l es ions  have n o t  been 
seen i n  the  cages where the  l i g h t  i n t e n s i t i e s  a r e  around t h i s  o r  l e s s  than t h i s .  
So, t h i s  l i g h t  i n t e n s i t y  i s  expected n o t  t o  cause any s u b s t a n t i a l  increase i n  
the eye les ions .  

I n  a d d i t i o n ,  i ns tead  o f  housing the  animals i n  rows combined i n  two h o r i z o n t a l  
rows together ,  t he  animals a re  now housed i n  columns, f rom top  t o  bottom, so 
t h a t  -- environmental f a c t o r s  cou ld  be equal ized between study groups. 

Fur ther ,  i ns tead  o f  p l a c i n g  a l l  t he  animals o f  a  t reatment  group i n  two columns 
together ,  each column should be randomized between two o r  t h ree  r a t s  used f o r  a  
g iven study so t h a t  t he re  would be a  reasonable d i s t r i b u t i o n  o f  the  
environmental e f fec t s .  

Also requ i red  a r e  r o t a t i o n  o f  cages from top  t o  bottom every two weeks when the 
r a t s  a r e  changed. And by  t h i s  process the  animals i n  any g iven cage w i l l  no t  be 
exposed t o  the  h igher  l i g h t  i n t e n s i t y  o f  the  top  cage, t he  top  row, f o r  more 
than one-s ix th  o f  the  t o t a l  t ime o f  the  study. 

Using these procedures the  l i g h t  i n t e n s i t y  o f  occu lar  l e s i o n s  has been reduced 
i n  NTP s tud ies  t o  a  very  low l e v e l ,  t o  l e s s  than ten  percent. Occasional ly ,  
randomly d i s t r i b u t e d  eye l es ions  a re  seen, and these a r e  p o s s i b l y  i nhe ren t  t o  
the  a l b i n o  animals, and these a r e  most ly  aging associated cataracts.  



Attachment 2 

LIGHT INTENSITY ASSOCIATED OPHTHALMITIS 

OF FISCHER 344 RATS IN LONG-TERM STUDIES 



ILLUMINATION OF 75-125 FT. CANDLES 

(80701,345 LUMENSIMZ) IS RECOMMENDED 

(NIH GUIDE, 1978) 



Cage or Column 

Row 

1 



ROW 

1 

2 

3 

4 

5 

6 

PREVALENCE OF EYE LESIONS BY CAGE POSITION AND TIZEATFENT 
GROUP FOR THREE STUDIES AT LABORATORY la 

RACK 1 

COLUMN TOTAL BY 
ROW ( 2 )  

High 
, dose 

f emaler. 

tov 
dose 
males 

a Lesion8 diagnoead a8 cataracts by histologic evaluaeion at the end 
of the three studies with chenicals Benryl acetace, Garanyl acetate, 
ZearaleIUne . 
Number with l.sioas, combined from the three studies. 

C Number started, combined from the three studies. 



PREVALENCE OF EYE LESIONS BY CAGE POSITION AM) TXEAT?GNT 
CROUP FOR T H E E  STUDIES AT LABORATORY 1 (conc'd) 

RACK 2 

TREATMENT 

Lov 
dose 
f em8l.s 

TOTAL BY 
ROW (1) 

Contro l  
males 

Control  
females 



ROW 

T o t a l  by 
colulan 

( X I  

PREVALENCE OF EYE LESIONS IN W E  RATS BY $AGE 
POSITION FOR TWO STUDIES AT LABORATORY 2 

7 / 4 1  (17) 

Control 

a Obaematioua listed a8 opaqua or cloudy eye8 at 22-23 mouth 
of ew rtudira. 

Sumbar with lesioua, combined from the two studies. 

C 
Number surviving at tha t ime of obaarvaciou, combined from 
che two studiea. 



ROW 
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2 

3 

4 

5 
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PREVALENCE OF EYE LESIONS IN FEHALE RATS BY CAGE 
POSITION FOR TWO STUDIES AT LABORATORY 2 

TOTAL BY 
TREATMENT ROW ( X )  

Lov 
dose 

High 
do#. 

Control 



ROW 

1 

2 

3 

4 

5 
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l 5 
,. 

LIGHT INTENSITY IN THE CAGES AT A LIGHTl 
INTENSITY OF 120 F T - C m L E S  13 THE ROOM 

LIGHT INTENSITY IN THE C A G E S ~ ' ~  

COLUMN 

f ee t  from the f loor .  

L Inaide front of the cages under ideal  conditions where the 
cage rack is para l l e l  to the c e i l i n g  l ight  f ixtures .  

2 Foot-cand1.s ( 1  ft-candle = 10.8 luunalrn ) 



ROW 

1 

2 

3 

4 

5 

6 

LIGHT INTENSIR IN THE CAGES AT A LIGHT 
XNTEXSITY OF 80 FT-CANDLES IN THE  ROOM^ 

LIGHT INTENSIn IN THE C A C E S ~ ' ~  

COLUMN 

L Inside front of the cages under ideal  conditions where the 

cage rack is parallel to the c e l l i n g  l i g h t  fixtures. 
Y 
2 2 .  Foot-candles (1 ft-candle - 10.8 luuns/m ) 



ROW 

1 

2 

3 

4 

5 

6 

a 

PREVALENCE OF EYE L E S I O N S  BY CAGE POSITION 
ANI) L I G H T  INTENSITY IN HALE F 3 4 4  RATS 

COLUMN 

Ft-candles inside front of the cages under ideal conditions 
vhem tha cage rack is parallel to the ceiling light fixtures 
and the room light intensity is 120 ft-candles at 5 feet 
from the floor. 

Number with lesions. 

C 
Number surviving ac the time of observation at 22nd month of the 
study with 2-Amino-5-nitrophenol in laboratory 2. 



PROCEDURES TO DECREASE THE PREVALENCE OF EYE 
LESIONS IN F344 RATS 

Decrease the room light intensi 
40-50 ft-candles at 5' from the f 7 oor. to 

Rotate the cages within the same 
column at two-week intervals. 

Do not use top row, if possible. 



ROW 
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LIGHT INTENSITY IN THE CAGES AT A LIGHT 
INTENSITY OF 40 FT-CANDLES IN THE ROOM1 

LIGHT INTENSITY IN THE C A G E S ~ ' ~  

COLUMN 

a 5 feet from the floor. 

Inside front of the cages under ideal condirions where' the 
cage rack is parallel to the ceiling light fixtures. 

C 2 Foot-candles (1 it-candle = 10.8 luyens/m ) 


